December 12, 2001

DRAFT RESPONSESTO CHARGE QUESTIONS FROM THE
DECEMBER 10-12, 2001 DRINKING WATER COMMITTEE MEETING ON THE
STAGE 2 DISINFECTION BYPRODUCT AND LONG-TERM 2 ENHANCED SURFACE
WATER TREATMENT RULES

NOTE:

The attached draft language refl ects the comments of the Panelists who reviewed various aspects
of the S2DBP and the LT2ESWT rules during the December 10-12, 2001 SAB meeting in Los
Angeles, CA. These comments were prepared by the Panelists at that meeting. The review was
announced in the Federal Register at 66 FR 39163 of July 27, 2001 and 66 FR 56557 of
November 8, 2001. These comments on the five charge questions will be compiled into a draft
Panel report in response to the EPA charge gquestions discussed at this meeting and that
compiled report will be circulated to the Panel members for such review, comment, and
concurrence as they deemto be appropriate. Upon Panelist concurrence with the report, the
document will be submitted to the SAB Executive Committee for review, comment, and approval.
As such, thisdraft language is still undergoing internal SAB review. Once approved asfinal, the
report will be transmitted to the EPA Administrator and will become available to the interested
public as a final report.

This draft is being released now in accordance with Panel agreements made at the meeting in
Los Angeles, which committed the Panel to make available in electronic form, a copy of these
comments which were presented in open forum at the end of the December 10-12, 2001 review
meeting, to any who wished to see their content. This was done to enable all to know the content
of these comments, which were at the time only available to those in attendance at the meeting
(i.e., the Panel members, members of the public who attended the meeting, and a number of EPA
Office of Water representatives who called into the meeting to allow themto hear these
comments).

Thereader should remember that thisis an unapproved working draft and that the document
should not yet be used to represent official EPA or SAB views or advice. Draft documents at
this stage of the process often undergo significant revisions before the final version is
approved and published. The SAB is not soliciting comments on the advice contained herein
at thistime; however, later when the document is transmitted to the Executive Committee for
review, the Agency and public may comment on the adequacy of responses to the charge, their
clarity, and whether the report contains any technical errors.

IDSE SUBGROUP



1. Stage2 DBP
(i) IDSE Effectiveness

The Drinking Water Committee of the Science Advisory Board believes that the proposed Initia
Digtribution System Evauation is indeed capable of identifying new compliance monitoring
points that target higher THM and HAA levels than are currently measured in the exising THM
Rule and Stage 1 DBP Rule compliance monitoring programs. However, it may not identify the
highest levels to which consumersin a given distribution system are exposed. The bassfor the
latter statement is that the IDSE does not consider short-term, tempora variations that occur at
different dtesin the digtribution system due to varying (e.g. diurna) water demands and
digribution system architecture and operation. Didtribution sysems are, by their nature, highly
dynamic. Varying water demand patterns (e.g. low dengty and high density resdential water
use, industrid and commercia water use, irrigation) and operating conditions (e.g. pumping
patterns and storage tank operations) normally lead to gppreciable tempora and spatia
variationsin hydraulic residence times (water age) and water quality throughout the system that
are not cagptured by the proposed IDSE.  Hence, it isunlikely that asingle grab sample taken at
any steat any time will yield a representative THM or HAA concentration for that Site, and that
grab samples taken at anumber of Stes are unlikdy to identify sampling Steswith the highest
THM and HAA concentrations. This tempora variability needs to be acknowledged in the IDSE
documentation.

Further, rates of DBP formation and degradation are temperature-dependent and may change on
aseasond basis. Coupling this with the fact that water demand patterns, and therefore hydraulic
resdence times, aso may change with season may mean that pesk HAA levels migrate from the
remote parts of the system during colder months to interior portions of the system during warmer
months.

Site selection must be re-evaluated periodically for saverd reasons. Fore example, rapidly
growing utilitiesin which didtribution system architecture and flow patterns may change
correspondingly cause the steswith high THM and HAA levelsto change. If sample locations
are not changed with time to reflect these changes in the distribution system, then the sample
locations may lose their relevance over time.  Further, the IDSE is a 12-month program, and
utilities and primacy agencies have no assurances that the 12-month period over which the IDSE
is performed will indeed be typica of norma system operations. EPA needsto provide
guidance for this Stuation.

The EPA asksif the IDSE is the most gppropriate tool to reach the objective of identifying new
compliance monitoring points that target higher THM and HAA levels. The Drinking Water
Committee believes that the proposed standard monitoring program (SMP) for sub-part H
systemns serving more than 10, 000 people, in which 8 samples are collected at 2-month intervals,
isreasonable. The Committee does recommend, however, that the 8 samples be re-alocated so
that, for both free chlorine and chloramines, 3 samples be taken at potentid high THM sites, 3
samples be taken at potentid high HAA stes, and only 1 sample be taken a an average site and
at the point of entry to the system. If indeed the objective is to locate and monitor the Siteswith
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high THM and HAA concentrations, more samples need to be dlocated to this objective. One
point of entry Steis sufficient to gauge the initid concentration of THMs and HAAS entering the
system, and only one “average’ Site should be sufficient to maintain connectivity to the existing
compliance monitoring program. The Committee 0 believesthat the “average’ ste for the
IDSE should be one of the average locationsin the existing Stage 1 DBP compliance monitoring
program. Thereisno reason not to dlow this. 1t would mean that every 6 months (twice during
the IDSE), utilitieswould only have to take 7 samples as part of the IDSE, with the eighth
sample being one of the compliance monitoring samples.

The Committee further believes that the IDSE should require the measurement and reporting of
resdud chlorine (free or combined) concentrations at the time of DBP sample collection, and
that individua THM and HAA species be reported in addition to the aggregate THM4 and
HAAS concentrations. It is aso suggested that the IDSE recommend that pH, temperature, and
the heterotrophic plate count be measured and recorded. Such information will prove to be
vauable to the utilities, the primacy agencies, and the EPA in the future.

With respect to time of sample collection, there is no reason to believe that THM or HAA levels
will be highest in the morning. In view of the dynamic and highly complex nature of water
digribution systems, it isequally likely that THM or HAA levels & some locations will be
highest in the evening. The Committee recommends that the reference to time of sample
collection be omitted from the Guidance Manud (e.g. p. 2.9 of Guidance Manud) and be |€ft to
the discretion of the utilities and their respective primacy agency.

We bdieve that EPA needs to provide more guidance to the utilities with respect to identifying
potential sampling Stes with the highest HAA concentrations. P. 5-18, line 39 isthe only
reference in which some guidance is provided, dthough the guidance is not especidly clear. It
might be expected that, at least in waters with temperatures supporting microbia activity, HAA
levels may decrease when free chlorine resduas decrease below 0.2-0.3 mg/L or combined
chlorine resduals decrease below 0.5 mg/L. This may not be the case in cold waters in which
microbid activity isminimd; in such cases, high HAA stes may coincide with high THM sites.
Digribution system dynamics, water age, chlorine resdud data, and heterotrophic plate count
data should be examined in sdlecting sample Stes.

The Guidance Manua should indicate that sdlection of SMP monitoring Stes mug be justified
rather than smply recommending that they be justified (p. 1-4, line 14), and that the IDSE report
mug (rather than should) provide justification for the sdlection of dites (p. 5-24, line 16).

The Drinking Water Committee believes that the proposed system specific studies (SSS)
approach described in Chapter 6 needs improvement if sound guidanceisto be provided to the
utilities. Water consumption (demands) should be more accurately smulated in the network
model, given the available information. It isimportant to redize that different types of water
users will use water at different times and rates during the day. Water demands should be
classified and allocated based on their water use type (domestic, industrial, commercid, etc.) and
each type of water user should be assigned an individual water use pattern over a 24-hour (or
other) period. Accurate demand distribution could be obtained using land use information or
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using water meter or assessor’s parcel number location (geocoded meter location). The land use
computation method consists of intersecting demand area polygons with land use polygons and
water duty factorsto create water demands for selected analysis nodes. The geocoded meter
location method consists of grouping water billing datainto demand areas around analysis nodes
by using a gpatid reference of water meters, yielding an accurate demand didtribution as
demands are alocated per customer billing accounts (and automaticaly taking into account
vacant parcels and large water users).

Other congderations

Major

1. The terminology TTHMSs (total trihalomethanes) to represent the four bromine- and chlorine-
containing THMsis no longer appropriate. Now that researchers and EPA scientists are
beginning to measure iodinated THMs in finished drinking water, regulaions that pertain to only
the four bromine- and chlorine-containing THMs should refer to these as THM4. A precedent
for thisform of nomenclature dready exists, eg. HAAS, HAAG, HAAGQ.

2. A number of assumptions and policy decisions were made with regard to development of the
form of the Stage 2 DBP Rule and the IDSE, and these need to be stated at the outset and made
clear throughout the Rule. Theseinclude:

- adecison to continue to regulate THMs and HAAS collectively as group parameters
rather than asindividual species,

- adecison to continue to regulate only five of the HAAs (HAAD) rather than dl nine
bromine- and chlorine-containing HAAs (HAA9);

- recognition of the fact that, for purposes of smplicity, the IDSE overlooks short-term
tempord variability in the sdection of Stesfor locating and monitoring maximum levels
of THMsand HAAS,

- recognition of the fact that sampling and monitoring costs were key consderationsin
designing the requirements for the standard monitoring program for the IDSE;

- recognition of the fact that, dthough the SWAT mode was developed for modding the
effects of treatment on DBP formation and was not developed to model changesin THM
and HAA concentrations in digtribution systems, it was the only tool that the EPA had for
purpaoses of the benefits analyss in support of the Stage 2 Rule.

3. The SWAT modd is used in the benefits analyss to predict monthly DBP concentrations
both under current conditions and under conditions where plant modifications have been made to
meet the requirements of Stages 1 and 2 (sections 3.7.2 and 5.4.1.1). This use of the model
would be appropriate and extremely valuable if it could be relied upon for good predictionsin
such gpplications. Unfortunately, that is not the case. Large discrepancies exist between SWAT
results and ICR data, raising serious questions regarding ether the accuracy of the SWAT mode
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or the adequacy of attempts to characterize DBP concentrations of dynamic systems with so few
samples (four sites with four samples per year). Two aspects of data presentation in the Stage 2
DBPR Economic Analysis served to greatly under-represent the discrepancies-- (1) the use of
cumulative frequency distributions (pages 3-31 and A-18 through A20), and (2) miscaculation
of “mean predicted errors’ (page A-34 and Exhibit A.21). The problem with the use of
cumulative frequency diagramsis that such plots have the same shape even when paired vaues
have little agreement. Plants with low THM4 or HAAS from the SWAT mode are not
necessxily the same plants with low THM4 or HAAS plants from the ICR data. This
discrepancy istotaly lost when the data are presented as cumulative frequency curves. Inthe
caculation of the “mean predicted error,” the absolute vaue of “SWAT annud plant mean —
ICR annud plant mean” should have been used instead of signed vaues, or an R vadue should
have been calculated. The way the calculation was done, positive deviations cancelled out
negative deviations thereby grossy underestimating “ mean predicted errors.” The graphical
results of pages A-23 to A33 convey amuch greater sense of the discrepancies between the
SWAT modd and the ICR data. The magnitude of these discrepancies raises many questions
regarding subsequent use of either SWAT or ICR datain Economic Analyses or risk benefits
cdculaions.

The limitations to the modd’ s accuracy arise from the inherent limitations of the existing Sate of
the art for predicting DBP concentrations from water quality data and/or the inherent limitations
in the available database, and hence cannot be easly fixed. Under the circumstances, the
contribution that the model can make to an evaluation of the benefits of the Stage 2 ruleis
margind a best. We recommend that either this portion of the andlysis of the benefits be
eliminated or that the presentation should be dtered to reflect the very limited accuracy of the
model, and dso to correct the flaws clamsin the current justification for its use.

Minor

1. It should be made clear, in dl documents relevant to the Stage 2 Rule, that quarterly
monitoring of DBPs means every 3 months. For example, Table 5.4 and page 192 do not
indicate that the basis for the LRAA cdculation is sampling a 3-month intervals rather than
once each quarter asin the current THM Rule and Stage 1 Rule.



S2DBP HEALTH SUBGROUP

EPA has requested SAB comment on:

i) Health Protection: EPA isconcerned with reproductive, developmental, and
car cinogenic effectswhich are associated with TTHMsand HAAs. EPA intendsto reduce
the variability of exposureto DBPsfor people at different pointsin the distribution system,
and therefore reduced risks;, and EPA askswhether the health concerns associated with
edtablishing the L ocational Running Annual Average sandard, in conjunction with the
IDSE, are decreased in comparison to the health concernsin association with the existing
Running Annual Average (RAA) standard.

Changing the regulation from the RAA to the LRAA would be expected to reduce variability
dightly, but the mgor impact would be in reducing extremes of exposure. While we would
expect some reduction in variability and possibly in the mean exposures at individua locations,
the reduction in exposure is not expected to be large. For the high locations within asystem as
identified in the LRAA, the average exposure would be reduced in the households served by the
LRAA locations. However, we do not know the numbers or characteristics of the population
affected, which makes quantification of anticipated heath benefits difficult. Still, the assurance
that alarger proportion of the system will fall under the regulated concentration assures greater
equity than achieved now.

The Committee agrees that establishing a LRAA would be expected to reduce exposure to the
compounds that are measured. As detailed elsawhere in this document, after discussion of the
dynamics of water movement through the ditribution system and on-going production and
degradation of disinfection by-products, there is serious doubt that the requirements of the IDSE
will result in a sufficiently complete distribution system characterization to be confident that the
variability of exposure will actudly be reduced. The extent to which contralling the LRAA for
the TTHMs and HHASs reduces risk requires that there be similar decreases of the causative
agent for each of the health concerns of interest. Additionaly, achieving further reductionin a
gpecific risk assumes that the current exposure is above athreshold, if thresholds exist for the
particular hedth effect.

Assessments of benefits have emphasized reductionsin bladder cancer risk, rightfully because
lifetime consumption of chlorinated surface water poses a bladder cancer risk of order 10-3.
There are other serious hedth effects associated with exposures to specific disnfection
byproducts. These include risks of other cancers, impairment of male and female reproduction,
and effects on developing on developing organisms (thiswill be laid out in more detail). For
systems that make minor adjustmentsin their current treetment technologies to achieve the
requirements of the LRAA, reduction of DBP exposures will provide additional protection
againg the occurrence of these outcomes.

The impact of adopting the LRAA method on DBP congtituents that cause human bladder cancer
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isnot currently known or quantifiadble. While there is compelling evidence that lifetime
consumption of chlorinated surface water poses a bladder cancer risk, the causative congtituents
have not been identified. In laboratory animals severd THMs and HAAs exhibit carcinogenic
potentia, but the evidence that they explain the bladder cancer risk islacking. There are other
disinfectant by-products that are not halogenated which are potent carcinogens (e.g.
nitrosamines) whose concentrations might be increased by certain methods proposed for
controlling the regulated DBPs (e.g. use of chloramine as opposed to free chlorinein
disnfection). Undoubtedly, reductionsin THMs and HAAswould be pardleled by reductionsin
other halogenated compounds, for example HANS, hal ogenated a dehydes and ketones and

hal ogenated furanones such as MX. The measured compounds within the THM and HAA classes
may or may not be valid surrogates for the compounds that produce bladder cancer. These
reductions are likely to reduce hedlth risk but may not impact bladder cancer risk because the
exposure to the agents causing bladder cancer may not be reduced. As a consequence, the
committee cannot accept the assumption that reduction of THMs and HAAs will necessarily
result in reductions in bladder cancer.

As pointed out in the Agency review, reproductive toxicities due to DBPs have not been as
clearly established epidemiologicaly as bladder cancer has been. However, some members of
the THMs, HAAs and HANS have been shown to produce reproductive and devel opmental
toxicities. The measured compounds within the THM and HAA classes may or may not be vaid
surrogates for the compounds that produce reproductive toxicities.

It is recommended that the various toxicologica effects be clearly separated in the report. Asan
example, reproductive effects are dways presented as reproductive, developmenta effects. This
blending can lead to incorrect assumptions (one endpoint), and therefore inaccurate hazard and
risk estimates. These effects more than likely occur by different mechanisms of action.
Reproductive effects have been the mgor focusin this report, but one needs to recognize that by
addressing reproductive effects, one does not necessarily address developmenta. More
specificaly, developmenta effects can occur in the absence of reproductive and the obverseis
aso true. Deriving a conclusion based on reproductive effects and incorrectly extrapolating that
conclusion to developmenta would be amgor scientific and regulatory policy error.

It is suggested that there is more than adequate deta to rationdize the regulation of individua
disnfection by-products within the THM and HAA classes. Within each of these groupsit is
goparent that risks are not homogeneous across the individua compounds using conventiona
methods of calculating cancer dope factors or non-zero MCLGs. The use of the TTHM and
HAAS disdlowsthe caculation of benefits using customary and conventiona means of
ases3ang risk and benefits. This would seem to be a very important intermediate step to making
the association between the totals measured within these classes and the benefits that might be
redlized from the regulation. In addition to the THMs and HAAS, there are data for other DBPs
that are adequate for estimating risks (eg., MX, chlorate).

A more credible scientific case could be made for the regulation by identifying the
epidemiologica associations seen with chlorination and using that to emphasize the seriousness
of the problem. As the document demondtrates these risks are significantly greater than would
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be predicted from the toxicologicd datathat focuses primarily on the THM and HAA classes.
However, association of benefits with respect to endpoints such as bladder cancer from reducing
TTHMs and HAASs cannot be proven and threatens to undercut the credibility of the proposed
rule. The Committee would prefer that benefits attributed to reductions of THMs and HAASs be
clearly identified with the hedlth effects shown to be produced by these by-products. Thiswould
provide an estimate of the minimum benefit that might be expected. Then the Agency can lay
claim to the possibility that these reductions would likely be grester if these measures were
indeed good surrogates for that chemica or group of chemicas that produce the actud effect
observed in human populations. This gpproach aso servesto provide clear direction to
deficiencies in the database that can be very directly addressed in the research program that is
designed to resolve the issue.

Another difficulty isthet various remedia actions will be more effective in reducing some
members of the THM and HAA classes than others. For example, reduction of dissolved organic
carbon (DOC) will reduce tota THMSs, but thiswill generaly result in agreater reduction in
chloroform concentrations than in the brominated THMs. The same argument is true of the

HAA class. To the extent that brominated by-products are plausible causes of certain adverse
outcomes (e.g. colon cancer and some reproductive effects), the reductions in risk may be
considerably smaler than would be predicted by reductions of TTHMs and HAAS.

Furthermore, HAAS does not even address the DBP that appears to be the reproductive toxicant
of most potency that has been examined to date (bromochloroacetic acid). Careful consideration
of these factors could substantially reduce the calculated benefit of changing the RAA to LRAA.

Despite the difficulties associated with associating precise estimates of benefits to the switch
from the RAA approach to the LRAA gpproach, one should not lose sight of the fact that the
latter gpproach provides a measure of equity not previoudy reflected in the standards for
disinfectant by-products. The LRAA alows one to sate that alarger segment of the consumers
of drinking water within a particular water system will meet the MCL than the RAA approach.
The committee suggests that this issue be given much grester prominence in the argument
supporting the LRAA than isthe case in documentation presently available to the committee.
The RAA across an entire systemn does not necessarily capture individua locations with
conggtently higher concentrations of DBPs. Theintent of the LRAA ruleisto identify locations
likely to have higher basdine concentrations, and where spikes occur. Focusing the regulation on
the highest locations in the digtribution system will reduce the number of households with high-
end exposures. Although the benefits cannot be quantified at present, it is an indisputable fact
that an increased level of protection in some of the most-exposed and most sengitive receptors
will occur. It is dill not clear whether the IDSE as described will identify locations with dalily,
weekly, seasond or operationa spikes; it isaso not clear whether occasional spikes have a
reproductive or developmenta effect. Although monitoring would still be quarterly or less, the
intent is specificaly to reduce both intermittent spikes (acute) and high basdine (chronic)
exposures, which are rdated to reproductive and developmental and cancer hedlth effects,
respectively. Since there are dso other potential health benefits from reducing locations with
consstently higher averages, and sincetheruleistied to an upper tail exposure rather than to a
median exposure, there are further gainsin equity to be expected from implementing this rule.



2. Long Term 2 ESWT Rule
CRYPTO OCCURRENCE SUBGROUP
i) Commentstothe EPA on Charge3—LT2ESWTR — Occurrence

Chair: Rhodes Truss|
Conaultants; Mark Berliner, Mike Danids

In this section, we will discuss the stochastic modeling of the potentid benefits of these new
drinking water regulations. Roughly, we can think of thismodd as containing three pieces. The
firgt piece mode s the concentration of cryptosporidium in source weter. Bayesian hierarchical
models are used to modd the concentrations. Such models easily accomodate many complex
features seen in this data, including low recovery probabilities, the presence of fase postives,
and the presence of true cryptosporidium free source waters.  The second component of the
mode considers the distribution of treatment effectiveness as a function of true concentretion.
Thefirgt assumption made hereis that trestment effectiveness is independent of concentration.
Based on expert opinion, trestment effectiveness across the nation is assumed to follow asmple
triangular digtribution. Some discussion of this piece of the modd is contained in the “ Toolbox”
section. Thethird piece of thismodd considers the distribution of infectivity (and illness)
conditiona on both concentration and trestment effectiveness. A Bayesian hierarchica modd is
aso used here to modd the digtribution of infectivity across Srains. A discussion of thisthird
piece of the modd is contained in the * Risk assessment’ section and below. For thefirst and
third pieces of the model, Markov chain Monte Carlo (MCMC) methods are used to sample from
posterior distributions which are used to both estimate parameters in the model and to address
the uncertainty associated with these parameters. In complex Bayesian models, MCMC isthe
only way to do this. We will now discuss some specific issues regarding the first piece of the
model, the nationa occurrence distribution of cryptosporidium.

Firgt, the occurrence modding appears to be both plausible and well-done. However, we would
like to see the following issues addressed, either by supplementing the current documents and/or
modifying the modd. A key component in Bayesian hierarchica modelsis specification of prior
digtributions, which a priori, characterize the state of knowledge about the parameters at the
higher levels of themodd. Little information is contained about these priorsin the current
documentation and it appears that the sengtivity of the occurrence digtribution and the infectivity
parameter, K, to these priors has not been assessed.  Sengtivity analyses should be conducted
and documented. Particular care should be taken to avoid using the data to specify the prior
digribution. In doing this, the datais being used ‘twice and the amount of uncertainty isthus
underestimated. The parameters that we are most concerned about are the variance in the
infectivity model which characterizes the variahility between strains snce we only have 2 grains
with which to esimate it, and the parameters in the occurrence models which characterize the
variability of the spatid, tempord, and residua random effects. In addition, the use of prior
digtributions for other parametersin the model should be documented.
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Another issue which needs to be addressed is the computation of the average concentration by
plant for the 18 month data. Averaging equaly over the 18 months to obtain an annud average
will only give us an unbiased estimate of the true annua average if there are no seasond effects.
Otherwise, we are counting six months twice in the averaging. During discussions during the
mesting, it was Stated that parameters charactering seasondity were including in the modd (in
the form of the turbidity term). A way to fix this problem, would be to first average the deta by
month, and then to use the mean of the twelve monthly averages that result as the annua
average.

The current report includes some model-checking using the estimated ditributions of true
concentrations, but we would like to see some additional moded checking. In particular, we
would like to see an additiond interna check and an externd check. Theinterna check will use
the current output from the MCMC sampler to sample from the distribution of predicted oocyst
counts (Y’s) (from the posterior predictive digtribution of Y) . To assess how consstent
predictions from the modd are with the observed data, about twenty sample distributions can be
plotted versus the observed distribution of counts. The observed distribution idedlly should lie
within these 20 and should look smilar. For an externa check, the current model could be fit to
the first 12 months of the 18 month data, then months 13-18 could be predicted by the model and
finally these predictions compared to the observed data

There are some additiona features that should be included in the document. A map of the Sites
for both the ICR and ICRSS data would be hel pful to see how similar the distribution of sites
was spdtialy across the surveys and to aso look for spatia smilarity in concentrations for Sites
close together and/or in the same regions of the country. In addition, a smdl paragraph
documenting theconvergence and mixing checks on the MCMC sampler. Findly, in the
discusson of the modd for the unfiltered plants, severa parameters that were included in the
filtered modd are excluded, including turbidity. Justification for this should be documented.

A fina point we would like to address is the approach to concisely summarize the occurrence
distribution functions using parametric moddls, in particular the log norma. Thiswas done to
smplify computations for the individuas conducting the risk andysis. There should be
documentation confirming that the redlizations of the cdf’ s from the MCM C sampler were well
approximated by log-norma cdf’s. Second, saverd ad hoc smplifications were done to sample
the cdf’ sfor the risk analysis (see bottom of p. 5-15 of the economic analysis document). These
should be examined carefully for their plausbility and the conclusons documented.

We would like to conclude with a discussion of the large amount of uncertainty in the modeling
here. For example, the occurrence distributions are ‘estimated’ based on only one year of data.
If these digtributions are stable over years this should be ok. However, the current data does not
dlow determination if the particular year in which the data were collected were aberrant (for
example, due to westher patterns) or if thereis some sort of trend in occurrence over time. In
addition, for the infectivity modeling, the digtribution of infectivity across srainsis estimated
based on only three strains which may or may not be arandom sample of strains. The only way
this digtribution can be estimated is to make a strong assumption about its form, here log-normal.
The ultimate accuracy of the predicted benefits from these stochastic models relies on both the
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representativeness and applicability of the observed data and the numerous modeing
assumptions that were made in the course of the three pieces of the modd discussed &t the
beginning of this section.
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MICROBIAL RISK ASSESSMENT SUBGROUP
i) EPA SAB Drinking Water Committee - December 10, 2001
Moe, Del_eon, Toranzos, Danids

Charge- Long Term 2 Enhanced Surface Water Treatment Rule: EPA requests SAB
comment on thefollowing parts of the Agency'sLT2ESWTR proposal and supporting
documents. 1) the analysisof Cryptosporidium occurrence; 2) the pre- and post-
LT2ESWTR Cryptosporidium risk assessment and 3) the treatment credits for microbial
toolbox options (4 specific technologies).

The Committee recognizes that it has very limited expertise in the area of quantitative risk
asessment. Therefore, we recommend that the Crypto risk assessment that wasincluded in the
Economic Andysis for the Long Term 2 Enhanced Surface Water Treatment Rule be subject to
additiond review by recognized expertsin thisfidd such as Dr. Charles Haas, Dr. Peter Teunis,
or Dr. Douglas Crawford-Brown. The Committee decided to examine and comment on the
assumptions that were used in the risk assessment. Two criteriawere consdered in this
evauaion:

1) Arethe assumptions transparent?
2) Isthere scientific evidence to support these assumptions?

Each of the basic eements of microbial risk assessment was examined in order: Hazard
Identification, Dose-Response Assessment, and Exposure Assessment. Then the outcome of the
risk assessment was evauated. Because the whole risk assessment is quite complex, the
Committee recommends that the document include a flow chart that shows how the different
elements were derived. Exhibit 5.2 is hdpful but does not go far enough. An additiond figureis
needed to show what dements were in the pre-regulation risk assessment vs. the post-regulation
risk assessment and how the benefits of the proposed regulation were caculated.

A. Hazard I dentification (pgs 5-7 - 5-8)

The Committee agreed with the basic information on Crypto hedth effects that were presented in
this section. A few additiona areas should be included here;

- What do serological studies indicate about the prevaence of cryptosoporidium
exposurelinfection in the US?

- Information on secondary transmission of Crypto. Haas et d. 1999 present data on

prevaence of secondary cases of crypto from two outbreak investigations that ranges
from 4 - 33%. CDC may have more information on this.
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- Information on asymptomatic infections of Crypto. Asymptomatic infections play an
important role in secondary transmission of infection. Information on the prevalence of
asymptomatic Crypto infections by age should be included in the Hazard identification.
Thisinformation has an impact on the estimated probability of illness given infection.

B. Dose-Response Assessment (pgs 5-9 - 5-14)

Dose Response Function

The generd exponential model was used to modd the dose-response relationship based on the
data from three human chdlenge sudies. Modding this rdationship isimportant for esimating
the risk of infection/illness at low doses because it is not economica to conduct large human
chalenge studies at low doses to directly measure therisk a low doses. The rationde for using
amodd of the dose-response data should be explained in the document. The choice of the
exponentia dose-response mode is reasonable and has been used in previous Crypto risk
assessments (Haas et d., 1996, 1999). It isnot clear if other models were considered and fit to
the data from the human chdlenge sudies.

It isnot clear how infection was defined in these andyses. A table smilar to that below would
be helpful.

Oocystsdetected Symptoms Infected?

in stool (I11lness)

Yes Yes Yes

Yes No Yes

No Yes Yes

No No No (but some asymptomatic infections may fall into this category if
thereisalow level of oocyst shedding)

For enteric pathogens, infection is usualy defined as the detection of the pathogen in stool
samples. However, evidence from the human challenge studies suggests that oocysts are not
aways detected by direct fluorescence assay (DFA) in chdlenged subjects who have symptoms
compatible with cryptosporidiosis. So dl challenged subjects who develop appropriate
symptoms within the appropriate incubation period were often classified as infected in the
human challenge sudies. However, it is possible that, because the detection limit of DFA is
quite high, there may be some individuas with asymptomatic infections that were not detected
because they shed low levels of oocydts.

The Committee noted that it may be more useful to mode illness rather than infection - WHY?
(CHRISTINE ISNOT SURE SHE AGREES WITH THISAND WANTS TO KNOW THE
RATIONALE FOR THIS SUGGESTION), Ric doesn't agree either, infection should be the
endpoint because the course of illnessislikely to be affected by prior exposure, hedth of
individuas, and other possible factors.

Infectivity
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NEED TO CLARIFY "VIABLE" VS. "INFECTIOUS' OOCYSTS. Viahility isusudly
evauated by evidence of dye uptake or excydation. Infectivity isusudly defined asinvason
and replication in ahost cdl, mouse mode or human volunteers.

The Committee consdered the two aspects of infectivity that were discussed in the Economic
Analysis document (pg 5-10): @ the proportion of the total oocysts from the occurrence
edimates that have internal structures and were considered infectious, and b) the infectivity of
threedrainsof C. parvum that were used in the human challenge studies (IOWA, TAMU and
ucp).,

Infectivity of oocydsin the environment: In the occurrence data, the EPA assumed thet only a
proportion ("v") of oocysts detected in the environment areinfectious. Thisisdiscussed in more
detail in section C. below. (SEE RHODES EXPLANATION OF THIS)

Infectivity of oocystsin the dose in the human challenge sudies The andyss of the human
dose-response data assumesthat 100% of the oocystsin the dose were infectious. However, it

islikely that not dl of the oocysts in the dose were "infectious’. Ric Deleon discussed new data
on cdl culture infectivity and mouse infectivity that shows that gpproximately 5% of freshly
excreted oocysts from acow are "infectious' (see Upton et d., Rochelle et a., and Arrowood et
d.,). Itisimportant to clarify how the viahility of the oocysts used in the dose was evauated.
Was this based on excydtation rate or on the morphological appearance of intact oocysts? It
would aso be helpful to verify the time between oocyst excretion and dosing volunteers (<2
weeks?) because this may affect the proportion of infectious oocystsin the various doses.

Ric Del_eon suggests that the UCP data should not be included in the analyss because it isan
outlier. The 1D, estimated from the human chalenge sudiesis much higher for this drain than
for the other two gtrains. Ric thinks this is because UCP has been passaged a lot and has become
attenuated. Cdl culture data with other srainsindicates 1D,s of less than 100 cocysts. An 1D,
of >1000 for the UCP dtrain appears to be an outlier. The effect of excluding the UCP chalenge
datawould be to lower the estimate of infectivity, increase the estimate of risk and possibly
increase the estimated benefits.

There are Some mgor concerns with the moded s for infectivity across strains. Primarily, there
are only two grains (assuming UCP will be excluded for reasons discussed above) to etimate
the digtribution of infectivity across rains. Asaresult, the digribution of infectivity derived
from fitting the modd will rely very heavily on the assumed digtribution of infectivity. We
suggest using amixture of two digtributions for infectivity to help characterize this uncertainty.
The firs component of the mixture will be alognormd digtribution (with probability %2) and the
second component will be alog-t distribution with three degrees of freedom (also with
probability ¥2). The latter provides heavier tails and considers more extreme values for k to be
morelikely. The prior digtribution for the variance parameter, Sgma, which characterizes the
variability of infectivity across strains, must be chosen carefully aswell. Since there are only the
two observed drains, the prior distribution on sgma, smilar to the assumed distribution on
infectivity across grains, will be highly influentid on the pogterior digtribution of sgma (and k).
The prior hyperparameters should not be chosen based on the variability observed in the strains
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asthiswill creste apogterior with too little uncertainty (from using the data twice).

Onelimitation of the infectivity data from the human challenge sudiesis that currently only
genotype 2 grains have been tested. A human chalenge study with agenotype 1 gtrain is
currently in progress and will provide vauable data for future Crypto risk assessments. When
this data becomes available, the EPA should consder redoing this risk assessment with the new
data. One consderation with the data from this new study is that there may be more batch-to-
batch variahility in the dose becauise the only source of oocysts will be human hosts and the

inoculum will not be passaged through cows

Infectivity data from cdll culture sudies: The estimate of infectivity could indude cdll culture
infectivity deta because this would provide additiond information. There seemsto be some
consstency between the cell infectivity data and human infectivity data (REF). Cdl culture data
suggests that mogt strains examined to date have an D50 of less than 100 oocydts.

Vaiahility in host susceptibility and the effect of previousinfections Variability in host
susceptibility was not considered in the analyses of infectivity and morbidity. Thiscould bea
ggnificant source of variability that EPA should congder incorporating into this risk assessment.
The agency should consider consulting with Dr. Chappell about what is known on host
susceptibility from her sudies and Dr. Teunis about how he incorporated thisinto his anayses of
the human challenge sudy data. The andlysis assumed that the population had no previous
immunity to Cryptosporidium. It islikely that the volunteersin the human chalenge Sudy area
mix of naive and previoudy exposed individuas, and that differencesin host susceptibility and
previous immunity had an effect on the estimates of the dose-response parameter "k".

Morbidity Rate (pg 5-12)

The morbidity rate was defined as the probability of illness given infection and was estimated
using atriangular distribution based on arange from Haas et d 1996. Thisrate may not be
accurately estimated if asymptomeatic infections were not detected in the human chalenge
gudies. The greater the rate of asymptomatic infections, the more the probability of illness
given infection will be underestimated.

In addition, the probability of illness given infection may be underestimated because this datais
based on challenge of hedthy adult volunteers. In the whole population, there may be a greater
probaility of developing illness given infection because the whole population includes sengtive
sub-populations that are more likely to develop symptomatic illness given infection.

Individuals with exigting antibodies to Cryptosporidium may have alower morbidity rate.
However, data from Okhuysen et d., (1998) does not support this. The document does point out
that this experiment was conducted at relatively high doses, and there is no data on the morbidity
rate at low doses in a population with previous Cryptosporidium infection.

Mortality Rate (pg 5-13)
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Ric Del_eon pointed out that the mortdity rate in AIDS peatients that was used in thisandysisis
based on old data from the 1992 Milwaukee outbreak. Current AIDS therapy has reduced
Cryptosporidium mortaity in AIDS cases so the mortdity rate in thisanalyss may be too high.
Or the mortdlity rate derived from Milwaukee may be too low for populations with a greater
proportion of AIDS patients. The document does explain that the mortality rate may be dose
dependent and there is no data to support this hypothesis.

C. Exposure Assessment (pgs 5-14 - 5-24)

Exposure assessment in this andysisincluded estimation of:

- thedidribution of tota and infectious Cryptosporidium oocysts in finished water -
derived from source water levels and estimated removd/inactivation from treatment

- the population served by systems potentialy affected by the LT2ESWTR
- the didribution of individud daily average drinking water consumption
1) Digribution of total and infectious Cryptosporidium oocysts in finished water
Source Water Concentrations
Thisissueis addressed by a separate sub-group.
I nfectious Cryptosporidium Oocysts (pg 5-16)

The proportion of Crypto oocysts in the environment that are infectious was estimated from the
ICR and ICRSS data based on morphological appearance of oocysts and the proportion of
oocysts with internd structures. The EPA andysis dso used data on infectivity from astudy by
LeChevadlier. Thisdatawas expressed as a distribution with arange of 30-50%, mode = 40%
(page 5-17). Thereis some evidence that PCR detection of Crypto DNA in cell culture (method
used by LeChevdlier) will give fase pogtives because some oocysts may not be infectious but it
isdtill possible to detect their DNA. Thismethod picks up the oocysts that stick to the cdll
monolayer even if they have not infected the cells (EPA report by Del_eon and Rochelle) There
appears to be a need for more peer-reviewed datain this area. The assumptions about the
proportion of infectious oocysts in the environment determine the variable v used in the risk
andyssequaion P, =M x (1-[exp((-C*v*1)/Kk)]")

Pre-LT2ESWTR Removal/Inactivation of Cryptosporidium (pg 5-17)

The risk assessment was based on estimated Crypto levelsin finished water. These levelswere
estimated by source water values from ICR and ICRSS and assuming a certain log removal of
Crypto (2-5 logs with mode of 3 logs - based on studies of actual water trestment plants). But
problem that Aboytes study contradicts this - and suggests that EPA's assumption of removal is
too high and that there are 10-fold higher levels of crypto in finished water than predicted by
EPA. Problem isthat Aboytes (2000) study is based on cell culture-PCR detection and may
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overestimate crypto detection in finished water.
Post- LT2ESWTR Removal/Inactivation of Cryptosporidium (pg 5-18)

COMMENTSON THIS FROM THE TOOLBOX SUB-GROUP?

Water consumption estimates (pg 5-22)

Why were two digtributions of consumption used? What is the difference between them? Why
are the median values (1.045, 0.71) lower than previous estimates of daily water consumption?
Why was Didribution 1 was used for the main andyss and Didribution 2 used in the andlys's
in the appendix? THE COMMITTEE NEEDS TO REVIEW THE PREVIOUS EPA SAB REVIEW OF THIS
CONSUMPTION STUDY.

It isnot clear how the daily estimated consumption was extrapolated to annua exposurein
Exhibit 5.8 (pg 5-23). Isindividua consumption split between CWS and NTNCWS based on
the estimated proportion of their time spent a home and a work or school or are individuds
counted in both categories - ie. tota consumption counted twice. This estimate could be refined
by age group. The very young and very old are likely to consume exclusvely CWS water and
these are the most vulnerable age groups.

D. Risk Model Structure
RHobDEs was working on an explanation of what "v" isin the risk estimate eguation

Py =M x (1-[exp((-C*v*D/K)]™)

Maybe should express "v" as aratio:

Percent of infectious oocyss detected in the environment/ percent of freshly excreted infectious
oocydgts in the inoculums used in the human challenge studies

E. Resultsof the Risk Assessment

Estimates of Risk - The EPA needs to compare these results to previous crypto risk assessments
by Haas, Rose, Perz and Teunis. A review of these previous studies (including the sources of
data, assumptions and statistical methods) should be added to the preamble.

The document should include a summary discussion of uncertainty and variability that is more
detailed than what is presented on pg 5-26. This discussion should include the following:

- ldentifying sources of uncertainty (aready included on pg 5-26)
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- Magnitude of uncertainty

- Effect of uncertainty on the estimate of risk

- Sengtivity andyss of what sources of uncertainty have the greatest impact on the
edimate and the implications of this for future research efforts

— (Messner saysit is dose-response data. Uncertainty in benefits was driven by
dose-response data. Uncertainty in cost was driven by occurrence data. Cost
gems from how the systems are classified into bins where they need to take
action.)

- Identifying sources of variability (dready included on pg 5-26)
Sources of oocysts may be different for different communities (watersheds)- animal
sources vs human sources

— Magnitude of varigbility
— Effect of variability on the estimate of risk
— Sengtivity andlyss of what sources of variability have the greatest impact on
the estimate
The document should also include a discussion of what assumptions may lead to an
underestimate or overestimate of the risk and the benefits of the proposed regulation.

For example, because the andysis only consdered morbidity and mortaity as outcomes, it is
possible that the benefit is underestimated because the benefit of avoided infection was not
consdered. Avoiding infection in the community will reduce the potentia for secondary
transmission and additiona cases and deaths. From a public hedlth perspective, infection isthe
key outcome.

The Committee suggested that the EPA aso try a"worst case scenario” using worst case for
everything but don't do extensive Monte Carlo analysisin this risk assessment. This could then
be compared to the risk assessment that uses best scientific judgement.

Worst case scenario:

Assume grester water consumption?

Assume finished water Crypto oocyst levels from Aboytes et d. (2000) study
Assume that 50-100% of detected oocyts are infectious

Assume that infectivity of oocyssislike that of the TAMU drain

- Assume that 20% of population is sendtive and more susceptible - ie higher morbidity
and mortdity
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MICROBIAL TOOLBOX SUBGROUP

i) Commentsfor Treatment Creditsfrom Microbial Toolbox Optionsfor the Long
Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR)

The Drinking Water Committee commends the EPA as well asthe FACA stakeholder process
for their development of the bin classification and microbid toolbox. These dternatives add
gredt flexibility to the rule for meeting varying water quaity and trestment options with the
result of providing safe drinking water to the citizens of the United States.

The Agency’s charge to the committee was to look at four of those toolbox options:
1) off stream raw water storage; 2) pre-sedimentation, 3) lime softening and 4) lower finished
water turbidity.

The data utilized by EPA in determining the gppropriate credit for off stream storage are derived
from experiences in the United States as well as other peer-reviewed literature from elsewherein
the world. The data show that there is variability in the remova of active oocydsin different
reservoirs, due primarily to sedimentation, but o due to inactivation within the environment,
both of which are governed to some degree by temperature. After reviewing the supporting
documentation, the Committee does not fed there is adequate data to demonstrate the proposed
credits for off stream storage and therefore recommends that no presumptive credits be given for
this toolbox option. However, the Committee agrees that a particular utility should be able to
take advantage of this remova by sampling after the off stream Storage for gppropriate bin
placement.

With regard to pre-sedimentation, many water trestment plants located on highly variable
surface waters utilize pre-sedimentation as a trestment technique to remove large quantities of
suspended materid prior to input to an existing conventiond treatment plant or lime softening
operation. The real purpose of the pre-sedimentation is to provide for more consistent water
quality prior to the conventiond or lime softening treatment plant. In reviewing the literature
provided by the Agency, not only on Cryptosporidium, but aso on spore remova with both pilot
aswdll asfull-scale plants, it seems that the data are minima to support a 0.5 log presumptive
credit for pre-sedimentation. As aresult, the Committee fedls that no credit should be given for
pre-sedimentation. Additiondly, the Committee feds performance criteria other than overflow
rate need to be included if credit isto be given for pre-sedimentation. Aswith off stream
gtorage, the Committee does agree that a utility should be able to take advantage of this removal
by sampling after the pre-sedimentation treatment process for gppropriate bin placement.

EPA proposes a0.5 log credit toward Cryptosporidium trestment with lime softening plants that
utilize two-stage softening. Based on the data provided, it gppearsthat a 0.5 log of additiona
Cryptosporidium removal is an average number for atwo-stage lime softening plant. Based on
the data, Sngle stage as well as two-stage lime softening generdly outperforms conventiona
trestment due primarily to the heavy precipitation that occurs in lime softening reactors
particularly when magnesium precipitation occurs. By tresting water through a second
precipitation reactor, additiona remova efficiencies should occur. However, depending on how
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the second reactor is utilized and the chemical feeds to the secondary reactor, the removal
efficiencies vary sgnificantly as presented in the literature.  Therefore, the Committee supports
a0.5log additiondl removd for two stage lime softening if dl the water passes through both
gtages. If aportion of the water is bypassed around the first stage, the Committee fedls there
should be no additiona removd credit given.

Findly, the additiond credits for lower finished water turbidity seem to be consstent with what
is known in both pilot and full-scale operationa experiences for Cryptosporidiumremova. As
was contained in Enhanced Surface Water Treatment Rule, lowering effluent turbidity in the
treated water resultsin lower concentrations of Cryptosporidium. Therefore, it would be
conggtent to assume that even further lowering of turbidity would result in further reductionsin
Cryptosporidium effluent from filtration processes. It isaso logical to assume that individud
filter effluent turbidity meeting a specific criterion will provide for better water quality than for
combined filter effluent meeting the same requirement. However, limited data were presented to
show the exact removal that can be achieved using these two operationa benchmarks. Based on
the data provided, the Committee recommends that a 0.5 log credit be given to plants that
demondrate aturbidity level in each individud filter effluent (IFE) lessthan or equa to 0.15
NTU in at least 95 percent of the measurements taken each month. No additiona credit should
be given to plants that demonstrate a combined filter effluent turbidity of 0.15 NTU of less.

OTHERITEMS

The Committee' s understanding of the approach used in developing the microbia toolbox is as
follows. The additiond log removasin the table of bin requirements are based in part on the
assumption that conventiond filtration plants in compliance with the IESWTR achieve an
average of 3logsremova of Cryptosporidium. It isthe Committee s understanding that this
assumption also indicates thet al conventiona trestment plants can be expected to remove a
minimum of 2 logsremovd of Cryptosporidium. Furthermore, it isthe Committee' s
understanding that an objective of the ruleisto achieve an average oocyst concentretion in
treated surface waters of 10* oocysts/l or lower. Given the oocyst concentrationsin bins 2,3,and
4, and consdering an average removal of 3 logs for conventiond treatment, the additiond
remova requirementsin bins 2,3,and 4 are expected to provide an average treated water oocyst
concentration of 10 oocyst/l or lower.

This approach differs from past gpproachesto Giardia and Cryptosporidium treatment credits
and from present approaches to Giardia control. Current regulations for Giardia control provide
2.5logs of remova credit when conventiond trestment isused. It isthe understanding of the
Committee that thisremova credit for Giardia is based on the minimum remova (not the

average remova) achieved by these plants.

These differences between the ESWTR and LT2ESWTR regulaions in the bases for assuming
remova creditsfor Giardia and Crypotosporidum are not readily apparent and should be
clarified and judtified in the new regulations. Appropriate guidance will be needed for
implementation of these two regulations.

End of Comments
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